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Skylab CSM/Saturn Workshop rendezvous procedures  
o p t i c s  r e q u i r e  t h a t  t h e  CSM v i s u a l l y  t r a c k  t h e  

S a t u r n  Workshop (SWS) d u r i n g  c e r t a i n  phases  of t h e  rendez- 
vous.  V i s i b i l i t y  of t h e  SWS i s  a f u n c t i o n  of i t s  s i z e ,  
d i s t a n c e  from t h e  viewer (CSM) and i t s  b r i g h t n e s s  re la t ive  
t o  t h e  background b r i g h t n e s s .  Th i s  memorandum i s  concerned 
wi th  t h e  b r i g h t n e s s  of t h e  SWS when viewed from t h e  CSM 
d u r i n g  rendezvous.  

Luminous f l u x  d a t a  a t  t h e  CSM due  t o  L a m b e r t  d i f -  
f u s e  r e f l e c t i o n  of d i rec t  s o l a r  and e a r t h  r e f l e c t e d  so l a r  
l i g h t  from t h e  SWS have been numer i ca l ly  determined i n  
accordance wi th  govern ing  equa t ions  u s i n g  e x i s t i n g  shadow, 
h e a t  f l u x  and nav iga t ion  computer programs. The f l u x  and 
shadow programs r e q u i r e d  t h a t  t h e  SWS be modeled as a group 
of p r o p e r l y  o r i e n t e d  f l a t  p l a t e s  de f ined  by t h e i r  normals.  

Output from t h e  aforementioned programs was used 
by a f o u r t h  program t i t l e d  "SWS Luminous Flux a t  CSM Durinq 
Rendezvous" t o  g e n e r a t e  the  d e s i r e d  luminous f l u x  d a t a .  A 
sample case, cor responding  t o  a November 9 ,  1972 SL-1 launch 
date ,  w a s  run f o r  t h e  SWS i n  a local  v e r t i c a l  a t t i t u d e  and 
assuming a c l o u d l e s s  earth.  
F igu re  7. 

These data a re  p resen ted  i n  
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

Skylab CSM/Saturn Workshop rendezvous procedures  us ing  
CSM o p t i c s  r e q u i r e  t h a t  t h e  CSM v i s u a l l y  t r a c k  t h e  Sa turn  Work- 
shop (SWS) du r ing  certain.  phases of t h e  rendezvous. V i s i b i l i t y  
of t h e  SWS i s  a func t ion  of  i t s  s i z e ,  d i s t a n c e  from t h e  viewer 
(CSM) and i t s  b r i g h t n e s s  r e l a t i v e  t o  t h e  background b r i g h t n e s s .  
T h i s  memorandum i s  concerned w i t h  t h e  b r i g h t n e s s  of t h e  SWS when 
viewed from t h e  CSM dur ing  rendezvous. 

Luminous f l u x  da ta  a t  t h e  CSM due t o  Lambert d i f f u s e  
r e f l e c t i o n  of direct  s o l a r  and ear th  r e f l e c t e d  s o l a r  l i g h t  f r o m  
t h e  SWS are  p resen ted  f o r  t h e  e a r t h  o r i e n t e d  ( E . O . )  SWS a t t i t u d e  
f o r  an M=5, SL-4 rendezvous based a November 9 ,  1 9 7 2  SL-1 launch 
date ,  (see F igure  1). The d a t a ,  corresponding t o  a sun ang le  
( 6 )  of -13.2' w e r e  computed u s i n g  a computer program, t i t l e d  "SWS 
Luminous Flux a t  CSM During Rendezvous", w r i t t e n  f o r  t h i s  purpose.  
Inpu t  t o  t h i s  program inc ludes  t h e  o u t p u t  from three o t h e r  com- 
p u t e r  programs t i t l e d  "Shadow", 'Thermal Flux I n c i d e n t  Heat" [ 13 * 
and "Navigation and Guidance S imula tor ,  (NAGS) 'I, [ 2 ]  . 
Skylab CSM/SWS O r i e n t a t i o n  Durinq Rendezvous 

i n g  
t w o  

The SWS completes approximately f i v e  e a r t h  o r b i t s  dur-  
t h e  pe r iod  from CSM launch t o  rendezvous. During t h e  f i r s t  
and one h a l f  o r b i t s  t h e  SWS ma in ta ins  a so la r  i n e r t i a l  (S.I.) 

a t t i t u d e ,  t hen  c o n v e r t s  t o  an e a r t h  o r i e n t e d  a t t i t u d e  fo r  two 
more o r b i t s  and f i n a l l y  r e v e r t s  back t o  t h e  S . I .  a t t i t u d e  f o r  
abou t  one h a l f  o r b i t  j u s t  p r i o r  t o  rendezvous.  During rendezvous, 

* Numbers i n  square  b r a c k e t s  a r e  r e f e r e n c e  numbers. 
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t h e  CSM i s  g e n e r a l l y  below t h e  SWS and very n e a r l y  i n  t h e  SWS 
o r b i t a l  p l ane .  I t  is f o r  t h i s  reason t h a t  e a r t h  a lbedo e f f e c t s  
are most important  w i t h  respect t o  SWS v i s i b i l i t y .  That is ,  
except  f o r  t h e  pe r iods  from SWS s u n r i s e  t o  90° befo re  o r b i t a l  
noon and 9 0 °  a f t e r  o r b i t a l  noon t o  SWS sunse t ,  m o s t  of t h e  SWS 
r e f l e c t e d  l i g h t  reaching  t h e  CSM is  due t o  e a r t h  r e f l e c t e d  s o l a r  
l i g h t .  

The p o s i t i o n  of t h e  CSM r e l a t i v e  t o  t h e  SWS dur ing  
rendezvous i s  provided by t h e  NAGS computer program of r e f e r e n c e  
2 .  

SWS V i s i b i l i t y  Model 

The SWS v i s i b i l i t y  model has  been def ined  i n  terms of 
t h e  p a i n t e d  wh i t e  s u r f a c e s  as shown i n  F igu res  2 ,  3 ,  & 4 .  A l l  
wh i t e  s u r f a c e s  w e r e  assumed t o  have a r e f l e c t i v i t y  ( p  ) of .75 
and t o  r e f l e c t  i n  a Lambert d i f f u s e  manner. C 

Analys is  

g iven  by [ 3 ]  
Lambert d i f f u s e  r e f l e c t i o n  f r o m  a d i f f e r e n t i a l  a r e a  i s  

d Ia  = pEs cosa S cosa V d A  ( lumens/s teradian)  (1) 
v -  U 

where 
is the d i f f e ren t i a l - . l uminous  i n t e n s i t y  i n  

v i s i b l e  s o l a r  f l u x  
v t h e  d i r e c t i o n  of t h e  viewer due t o  r e f l e c t e d ,  dla 

P i s  t h e  r e f l e c t i v i t y  of  t h e  s u r f a c e  

Es i s  t h e  s o l a r  v i s i b l e  luminous f l u x  p e r  u n i t  of 
incident-beam cross s e c t i o n  

a i s  t h e  angle between t h e  normal and s o l a r  
v e c t o r s  

a i s  t h e  angle between the normal and viewing 
v e c t o r s  

as shown i n  F igu re  5 .  This equa t ion  assumes p a r a l l e l  l i g h t  r a y s .  
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The t o t a l  luminous i n t e n s i t y  i n  t h e  d i r e c t i o n  of t h e  
viewer i s  obta ined  by i n t e g r a t i n g  equat ion  (1) over  t h e  s u r f a c e  
i n  ques t ion .  Thus 

I a = pES /Jcosas cosaV dA ( lumens /s te rad ian)  
v -  IT 

A 

D i f fuse  r e f l e c t i o n  from t h e  SWS i n  t h e  d i r e c t i o n  of 
t h e  CSM due t o  Ea r th  r e f l e c t e d  s o l a r  l i g h t  may be formulated 
us ing  equat ion  (1) t w i c e .  T h a t  is, 

d I  = pcpeEs cosa cosa cosa cosa d A  dAc 
sC V C S e ve e ci 

2 
IT 3 C 

V 

( lumens /s te rad ian)  \ l 'el '  

where 

i s  t h e  d i f f e r e n t i a l  luminous i n t e n s i t y  i n  
v t h e  d i r e c t i o n  of t h e  CSM from t h e  SWS due 

t o  e a r t h  r e f l e c t e d  so la r  l i g h t  
a d I  

i s  t h e  s p a c e c r a f t  r e f l e c t i v i t y  

i s  t h e  e a r t h  r e f l e c t i v i t y  

i s  t h e  v i s i b l e  p o r t i o n  of t h e  solar  spectrum. 

P C  

'e 

Es 

The o t h e r  parameters  d e f i n e  t h e  l i g h t  source  and viewing v e c t o r s  
as shown i n  F igu re  6 .  

I n t e g r a t i o n  of equat ion  ( 3 )  is s i m p l i f i e d  when t h e  
s p a c e c r a f t  r e f l e c t i n g  s u r f a c e  i s  a f l a t  p l a t e ,  for t hen  

I ci = pcpeEs   COS^ v c ~ C  Jfosasccosa 'e cosa ve aAe 

2 (I*eIl2 
C 

V 

IT 

( 3 )  

( 4 )  
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The i n t e g r a t i o n  of  equa t ion  4 over  t h e  e a r t h ' s  s u r f a c e  
has  been accomplished numerical ly  us ing  t h e  "Thermal Flux I n c i -  
d e n t  Heat" computer program of r e f e r e n c e  1. This  program also 
provides  t h e  d i r e c t  s o l a r  component of incid.ent f l u x  on a f l a t  
p l a t e .  Thus, t h e  t o t a l  f l u x  i n c i d e n t  on a s p a c e c r a f t  f l a t  pla . te  
e lement  may be w r i t t e n  

where Qi 

d i r e c t  and e a r t h  r e f l e c t e d  s o l a r  l i g h t  r e s p e c t i v e l y .  

and Qi are t h e  i n c i d e n t  h e a t  f l u x  components due t o  
'd 

S ince  t h i s  program computes t h e  2 i r e c t  and e a r t h  
r e f l e c t e d  solar  f l u x  i n c i d e n t  on any a r b i t r a r i l y  o r i e n t e d  f l a t  
p l a t e ,  a l l  s p a c e c r a f t  c y l i n d r i c a l  m e m b e r s  have been r ep resen ted  
by e i g h t  a p p r o p r i a t e l y  o r i e n t e d  f l a t  p l a t e s .  T h i s  h a s  been 
done even though t h e  d i r e c t  solar f l u x  i n c i d e n t  on a c y l i n d e r  
could  have been obta ined  a n a l y t i c a l l y  by i n t e g r a t i n g  equat ion  1. 
The i n t e g r a t i o n  of equat ion  3 f o r  t h e  e a r t h  reflected case, how- 
eve r ,  is  very  d i f f i c u l t .  It i s  noted,  t h a t  equa t ion  4 has 
p rev ious ly  been eva lua ted  a n a l y t i c a l l y  f o r  s e v e r a l  s p e c i a l  ca ses :  
see r e f e r e n c e  4 .  U s e  of t h e s e  r e s u l t s  for t h e  problem under con- 
s i d e r a t i o n  is ,  however, n o t  convenient .  

V i s i b i l i t y  Computer Program - Input  

The computer program, "SWS Luminous Flux a t  CSM During 
Rendezvous1', accep t s  t h e  fol lowing inpu t :  

1. The i n c i d e n t  s o l a r  and ear th  r e f l e c t e d  l i g h t  f l u x  
on t h e  v a r i o u s  w h i t e  components of t h e  SWS. 

2. Poin t ing  angles and range from t h e  SWS t o  t h e  CSM 
du r ing  rendezvous. 

3 .  The areas of t h e  segments i n t o  which t h e  wh i t e  
components of  t h e  SWS have been d iv ided ;  53 i n  
a l l .  

4 .  The t h r e e  components of t h e  u n i t  normal  t o  each 
of t h e s e  segments. 
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5. Elapsed t i m e  from CSM o r b i t  i n s e r t i o n .  

6 .  C l u s t e r  shadowing and blockage r e l a t i v e  t o  CSM 
Line of S i g h t  (LOS) in format ion  f o r  each segment. 

7. The r e f l e c t i v i t i e s  of t h e  s p a c e c r a f t  whi te  por- 
t i o n s  (. 75) and of a c l o u d l e s s  e a r t h  (.39). 

8. The v i s i b l e  p o r t i o n  of t h e  s o l a r  cons t an t ,  
( 1 2 , 7 0 0  lumens/ft .  * )  

9.  A s p a c e c r a f t  r e f l e c t i v i t y  degrada t ion  va lue .  

C o m m  ta  t ion  

The computations were made i n  accordance w i t h  equa t ion  
( 5 ) .  The f i rs t  c a l c u l a t i o n  de termined  which of t h e  53 SWS w h i t e  
segements a r e  seen by t h e  CSM. T h i s  was done by forming t h e  d o t  
product  between t h e  normal t o  t h e  s u r f a c e  and t h e  CSM LOS v e c t o r .  
P o s i t i v e  v a l u e s  of t h e  do t  product  i n d i c a t e  t h a t  t h e  segment can 
be seen .  The d o t  product  of t h e s e  two v e c t o r s  i s  a l s o  equa l  t o  
t h e  cosav of equat ion  ( 5 ) .  

C 

Shadowing & Blockage 

The i n c i d e n t  f l u x  d a t a  (Qi r e s u l t i n g  from d i r e c t  and 

e a r t h  r e f l e c t e d  solar l i g h t  were modif ied by shadow and blockage 
d a t a  obta ined  from t h e  shadow program. T h i s  program d e t e r m i n e s  
t h e  p o r t i o n  of each element t h a t  is  shadowed by a l l  other e lements .  
S ince  only  p a r a l l e l  l i g h t  rays  a r e  cons idered ,  t h e  e a r t h  r e f l e c t e d  
s o l a r  l i g h t  i n c i d e n t  on t h e  SWS has  n o t  been modified by shadow 
d a t a .  

C 

Blockage refers t o  t h e  r educ t ion  i n  SWS r e f l e c t e d  l i g h t  
due t o  t h e  presence  of c l u s t e r  components i n  t h e  CSM l i n e - o f - s i g h t .  
It i s  apparent  t h a t  t h i s  in format ion  can a l s o  be obta ined  us ing  t h e  
shadow program; t h a t  is, simply r e p l a c e  the sun by t h e  viewer.  
This  has  been done and t h e  r e s u l t i n g  d a t a  were used d i r e c t l y  t o  
modify t h e  e a r t h  r e f l e c t e d  i n c i d e n t  l i g h t .  

Note t h a t  i t  is  p o s s i b l e  f o r  t h e  same w h i t e  s u r f a c e  t o  
be both shadowed and blocked. Knowing t h a t  a p a r t i c u l a r  e lement  
is ,  say,  50% shadowed and 50% blocked i s  n o t  s u f f i c i e n t  s i n c e  t h e  
same po r t ion  of t h e  element may b e  both shadowed and blocked. T o  
assume t h a t  t h e  e lement  is e i t h e r  50% shadowed/blocked or 100% 
shadowed/blocked would be i n c o r r e c t .  
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It  i s  apparent  t h a t  if t h e  sun v e c t o r  and t h e  CSM LOS 
vector are c o i n c i d e n t ,  t h e  same p o r t i o n  of a s i n g l e  element i s  
bo th  shadowed and blocked. Likewise, i f  t h e s e  vectors e x a c t l y  
oppose one another ,  t h e  p o r t i o n  of a s i n g l e  element t h a t  i s  
shadowed cannot poss ib ly  be blocked. Using t h i s  boundary 
information,  it w a s  assumed t h a t  a reasonable  r e p r e s e n t a t i o n  of 
combined shadow and blockage behavior  could b e  ob ta ined  by 
mul t ip ly ing  t h e  smaller number (pe rcen t  of shadowing or blockage)  
by s i n  q/2 and adding it t o  t h e  l a r g e r  number; where 0 is  t h e  
a n g l e  between t h e  sun v e c t o r  and t h e  CSM LOS vector. A f i n a l  
check w a s  made t o  i n s u r e  t h a t  t h e  r e s u l t i n g  sum w a s  <1. 

m a j o r i t y  (approximately 85%) of t h e  d a t a  p o i n t s ,  t h e  shadow or  
blockage f a c t o r  w a s  e i t h e r  zero o r  one and m u l t i p l i c a t i o n  by s i n  0/2 
w a s  n o t  r equ i r ed .  O f  t h e  remaininq 15% approximately h a l f  
had one f a c t o r  much smaller than t h e  o t h e r  and m u l t i p l i c a t i o n  by 
s i n  0/2 a f f e c t e d  t h e  f i n a l  r e s u l t  ve ry  l i t t l e .  Thus, f o r  t h i s  
case, i f  t h e  m u l t i p l i c a t i o n  t e r m  ( s i n  n /2 )  w a s  i n  error by as much 
as  50%, t h e  f i n a l  r e s u l t  would be i n  error by approximately 2%;  
t h a t  is, combined shadow and blockage = shadow + blockage s i n  r1/2 
(or = shadow s i n  n/2 + blockage) had meaning f o r  only 7.5% of t h e  
d a t a  p o i n t s .  

- 
A review of t h e  output  showed t h a t  f o r  t h e  g r e a t e r  

I t  i s  concluded t h a t  mu l t ip ly ing  t h e  smaller f a c t o r  by 
s i n  0/2 provides  a good approximation t o  combined shadow and 
blockage (SHDBLK) behavior .  The d i r e c t  solar i n c i d e n t  l i g h t  was 
then  modified by t h e  SHDBLK da t a .  

Luminous I n t e n s i t y  and Flux 

The t o t a l  normalized luminous i n t e n s i t y  i n  t h e  d i r e c t i o n  
of t h e  CSM w a s  computed by mul t ip ly ing  t h e  Qi by cosaV , Ac and 

C C 
d i v i d i n g  by IT, as i n  equat ion  5. (The Qi are f o r  ES=pe=l)  .* That 
is , C 

* S e t t i n g  Es and p e  equa l  t o  one provided normalized luminous 
i n t e n s i t y  d a t a  f r o m  which luminous i n t e n s i t y  d a t a  f o r  any v a l u e s  
Of Es and p e  can be e a s i l y  obtained.  
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The normalized luminous f l u x  (E a t  t h e  CSM w a s  determined us ing  
av 

found as 

- - 
a E 

V 
C 

F i n a l l y ,  t h e  a c t u a l  luminous f l u x  (E-, 
U 

vC 

(7) 

a t  t h e  CSM w a s  

2 (lumens/meter ) ( 8 )  
- 

E = (pcEs) E a  E 
a V C 

V 
cr ( vcd+ pe 

Numerical Resu l t s  

Figure 7 p r e s e n t s  t h e  SWS r e f l e c t e d  luminous f l u x  
(lumens/meter 2 ) a t  t h e  CSM dur ing  rendezvous f o r  t h e  SWS i n  a l o c a l  
v e r t i c a l  a t t i t u d e .  
b i n a t i o n  of both  local ver t ical  and solar  i n e r t i a l ,  t h e s e  data 
would a lso have t o  be  obta ined  f o r  t h e  so la r  i n e r t i a l  case. 
p o r t i o n  of t h e  rendezvous during which t h e  SWS i s  expected t o  be i n  
t h e  local ve r t i ca l  a t t i t u d e  i s  i n d i c a t e d  by t h e  dashed l i n e s  i n  
t h i s  f i g u r e .  
which t h e  e a r t h  and t h e  e a r t h  p l u s  a 4 0 0 , 0 0 0  f t .  a l t i t u d e  occlude 
t h e  SWS when viewed from t h e  CSM. 
luminous f l u x  occur ing  immediately a f te r  s u n r i s e  and reaching  a 
minimum a t  90°  befo re  o r b i t a l  noon i s  due t o  t h e  d i r e c t  s o l a r  l i g h t  
on t h e  solar  panels .  This  e f f e c t  is  masked between 90°  a f t e r  o r b i t a l  
noon and s u n s e t  by t h e  large amount of l i g h t  be ing  r e f l e c t e d  from 
t h e  Ai r lock  Module (AM)  and Mul i tp le  Docking Adaptor (MDA), (see 
F igure  2 ) .  

S ince  SWS a t t i t u d e  du r ing  rendezvous is a com- 

The 

A l s o  shown are t h e  p o r t i o n s  of t h e  rendezvous du r ing  

The r a p i d  rise and drop  i n  
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The d a t a  w e r e  obtained f o r  t h e  fol lowing rendezvous 
t r a j e c t o r y  cond i t ions :  

1. Nominal phase, M=5 rendezvous 

2.  Launch a t  16:57:23 UT on May 1, 1973 

3 .  Sun ang le  8= -13.2O 

Elapsed t i m e  i n  seconds from launch is given a t  t h e  t o p  of F igure  7 .  
These r e s u l t s  are t o  be used i n  conjunct ion  with background b r i g h t -  
ness  and v i s i b i l i t y  cri teria d a t a .  

A c  knowledaemen ts  

The au tho r  wishes t o  acknowledge t h e  programming assist-  
ance of  M i s s  Dix ie  P. Nash who assembled v a r i o u s  components of t h e  
shadow program t o  produce t h e  SHDBLK d a t a  and u l t i m a t e l y  t h e  lumi- 
nous f l u x  d a t a ;  also, M r .  Robert C. Purkey f o r  provid ing  t h e  CSM 
LOS d a t a .  

1 0 2  2-AWZ-tla 
d u ,  
A. W. achar  
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FIGURE 1 - SWS IN LOCAL VERTICAL ATTITUDE, SUN ANGLE (0) EQUALS -13.2" 
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NOTES: 1) p, -DESIGNATES REFLECTIVITY 

2) p, “0.1 PROVIDES NEAR ZERO (BLACK) REFLECTION 

3) p, ‘v 0.7 PROVIDES WHITE DIFFUSE REFLECTION 

FIGURE 2 -PAINT PATTERN, SWS SIDE VIEW 



(THIS VIEW FACES SUN DURING SOLAR INERTIAL) 

FIGURE 3 - PAINT PATTERN, SWS FRONT VIEW 



(THIS VIEW FACES AWAY FROM SUN DURING SOLAR INERTIAL) 

FIGURE 4 - PAINT PATTERN, SWS BACK VIEW 
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FIGURE 5 - LAMBERT DIFFUSE REFLECTION FROM A DIFFERENTIAL AREA 
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FIGURE 6 -DIFFERENTIAL LUMINOUS INTENSITY FROM THE SWS IN THE DIRECTION 
OF THE CSM DUE TO EARTH REFLECTED SOLAR LIGHT 



TIME FROM LAUNCH (SECONDS) 

4,956 10,550 16,140 21,740 26,170 
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SUN CONSTANT = 12,700 LUMENS/FT2 
EARTH REFLECTIVITY = .39 
SWS REFLECTIVITY = .75 
SWS DEGRADATION = .80 

lo-* - 
E 

EXPECTED SWS 
+LOCAL VERTICAL-+ 

+ 400,000 FT --c( 
- OCCLUDESSWS I 

i 
i 

- OCCLUDES -& I 
10-6- I 

- # i  

- 
- 
- 
- EARTH 

sws 
- 
- - I i  - 
- i i  

PS - PLANET SHADOWED 

10- 

FIGURE 7 - SWS REFLECTED LUMINOUS FLUX AT CSM DURING RENDEZVOUS- 
SWS IN LOCAL VERTICAL ATTITUDE 



S u b j e c t :  Sky lab  S a t u r n  Workshop D i f f u s e l y  
R e f l e c t e d  S o l a r  L i g h t  a t  t h e  CSM 
Dur ing  Rendezvous - C a s e  620  

From: A.  W. Zachar 
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H.  Cohen/MLQ 
J. H.  Disher/MLD 
J. P. F i e l d ,  J r . / M L B  
T .  E .  Hanes /MLA 
A .  S. Lyman/MAP 
M .  Savage/MLE 
W.  C.  Schneider/ML 

MSC - 
A. A. Bishop/KM 
R. E. Durkee/ES-5 
R.  E. Ernull/FM5 
0. K. G a r r i o t t / C B  
K.  S. Kleinknecht/KA 
F. C. L i t t l e ton /KM 
T. U. McElmurry/CA 
S. A. Sjoberg/FA 
D. K. Slayton/CA 

MSFC 

L. F. Belew/PM-SL-MGR 
G.  B. Hardy/PM-AA-E1 
R. G. Smith/PM-SAT-MGR 
R.  E. Tinius/S&E-CSE-MP 

- 

B e l l c o m m  

A .  P. Boysen 
J. P .  Downs 
D. R. Haqner 
W. G .  H e f f r o n  
J. J. H i b b e r t  
D. P .  Ling 
J. Z .  Menard 
J. M .  Ne rv ik  
P. F. Sennewald 
R. V. S p e r r y  
J. W .  T i m k o  
R. L. Wagner 
M.  P. Wilson 
Depts. 2031, 2034 S u p e r v i s i o n  
Depts. 1 0 2 2 ,  1 0 2 4 ,  1 0 2 5  
Department 1024 F i l e  
C e n t r a l  F i l e  
L i b r a r y  

GSFC 

J. T. Skladany/713 

- 


